For the accurate analysis of possible interactive effects of chemicals in a defined mixture, statistical designs are necessary to develop clear and manageable experiments. For instance, factorial designs have been successfully used to detect two-factor interactions. Particularly useful for this purpose are fractionated factorial designs, requiring only a fraction of all possible combinations of a full factorial design. Once the potential interaction has been detected with a fractionated design, a more accurate analysis can be performed for the particular binary mixtures to ensure and characterize these interactions. In this paper this approach is illustrated using an in vitro cytotoxicity assay to detect the presence of mixtures of Fusarium mycotoxins in contaminated food samples. We have investigated interactions between five mycotoxin species (Trichothecenes, Fumonisins, and Zearalenone) using the DNA synthesis inhibition assay in L929
In the past decade of mixture research a number of test scenarios have been applied to evaluate the effect of a mixture compared to its components. Ideally, one should identify all chemicals in a mixture and determine the toxicity of each of the constituents experimentally or by a review of existing literature. This information is necessary to establish the combined action in subsequent steps. Which test strategy must be followed to detect combined action will largely depend on the number of compounds in a mixture and on the question of whether it is desirable to assess possible interactions between chemicals in a mixture.
One pragmatic approach is to test the toxicity of the mixture without assessing the type of interaction of the chemicals, taking into account that the mixture should be tested at high (effective) concentrations and low (realistic) concentrations. Interactive effects between two or three compounds in a mixture can be identified by physiologically based toxicokinetic modeling or (more empirically) by using isobolographic or response surface analysis. Which model will be used is This paper is based on a presentation at the Conference on Current Issues on Chemical Mixtures held [11] [12] [13] August 1997 in Full and fractional factorial designs are particularly useful statistical designs. In a full factorial design each of the chemicals in the mixture is studied at all dose levels of the other chemicals. Fractional factorials enable more economy of experimentation because only part of the full factorial is run experimentally (1) . Another aspect of factorial designs that deserves attention is the fact that the results are often of high precision because for every end point chosen, all data of the experiment are used to calculate a particular effect. For instance, in a recent subacute toxicity study in rats by Groten et (4) (5) (6) . Binary combinations of Trichothecenes increased the effects (i.e., growth inhibition) observed in the bioassay (7, 8) . However, there is a clear lack of information on effects of exposure to more than two mycotoxins in a mixture, as are present in food products.
In an attempt to develop more generic test strategies for the natural co-occurrence of Fusarium mycotoxins (9,10), we investigated the combined action of five Fusarium mycotoxins by using a DNAinhibition assay with mammalian cells.
In this paper, emphasis is placed on the use of central composite designs-part of a stepwise approach to test the combined toxicity in a bioassay. The purpose of the studies and all details of the experiments are presented elsewhere (11) .
Design ofthe Studies
Five mycotoxins were tested: T-2 toxin (T-2), deoxynivalenol (DON), nivalenol (NIV), zearalenone (ZEA), and fumonisin B, (FBI). The The radioactivity of the harvested cells was related to the dosage of the mycotoxins using a generalized linear model (GLM) with a variance proportional to the mean and a logarithmic link function (13) . Radioactivity (in cpm) measured in the cells treated with mycotoxins was related to the values of the negative controls of the respective plates by using the mean of the logarithms of cpm of these controls as an offset (11 In the central composite design, two significant interactions were observed between ZEA and FBI (p< 0.001) and between T-2 and NIV (p<0.01). The interactions between these mycotoxins were further characterized by comparing the slope of the dose-response curves in the presence of the lowest (-2) or the highest (+2) level of another mycotoxin ( Figure  1 ). The effect of ZEA was not clearly indicated in the presence of-2 level of FBI.
However, in the presence of +2 level of FBI, the effect of ZEA became apparent, which resulted in decrease of DNA synthesis in a dose-dependent manner. Thus the interaction between ZEA and FBI could be interpreted as synergistic with respect to the inhibition of DNA synthesis.
The interaction between NIV and T-2 was characterized as synergistic because the effect of T-2 was potentiated in the presence of the higher NIV level (Figure 1 B) . As indicated by the lack of parallelism (i.e., departure from additivity) of the two lines, the intensity of the interaction increased with concentration of T-2 and reached a maximum when the concentration of T-2 was at the +2 level. Thus in both cases the magnitude of the interactions was dependent on the concentrations of the mycotoxins in the mixture.
In the present study, the central composite design was used as a first screening to detect possible interaction between mycotoxins. The validity of this design to identify or screen possible interactions was evaluated by performing a full factorial design.
In the full factorial design, only those mycotoxins were tested that showed significant interactions in the central composite design. The the high-dose range of ZEA (Figure 2A ). This implies that in the presence of a high dose of FB1, the effect of ZEA on DNA synthesis was more pronounced than expected on the basis of additivity. Figure  2B shows the dose-dependent interaction between T-2 and NIV. At the higher levels of T-2, the decreasing DNA synthesis caused by NIV is more pronounced than predicted on the basis of effect additivity. Concentration of T-2, ng/ml explained by the fact that using cubic terms for a central composite design causes a A and FB, and (B) T-2 and NIV on DNA synthesis flexibility of the model prediction (12) . In :otoxins. Each of the interactions was studied in a general, the nature of the interactions involved in the interaction were applied at a con-characterized in both designs was similar for in affinity for the active binding site, or the metabolism of mycotoxins. The present study suggests that despite a few small and specific interactions, most combinations of Trichothecenes acted additively in terms of inhibition of DNA synthesis for L929 cells. In this paper we have illustrated this additivity by using known mixtures of mycotoxins. Follow-up studies in our lab are currently measuring the DNA synthesis inhibition capacity of unknown samples of mycotoxins. For instance, for barley samples we have shown that this bioassay is able to detect mycotoxin mixtures that were present in a concentration below the detection limit of the gas chromatography analysis (11) . The final goal is to incorporate this bioassay in a test strategy to screen combinations of Tricothecenes in contaminated samples of food and raw materials. In this case the bioassay may detect the presence of mixtures of toxins and is complementary to the chemical analysis.
